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ABSTRACT

This report deLcribes a study approach to the problem of developing

specifications for equipment for a radio backup to a landline fallout shelter

communications system, Consideration is given those aspects of shelter

programs which contribute requirements for electrical performance of the

equipments. EIscussions are included concerning frequency availability and

usage, cost analysis, state of the art, recommendations, and the report in-

cludes full specifications for three types ef radio equipment.

The conclusions reached during this study are that a radio backup to a

landline communications system is technically feasible and a substantial

savings in costs relative to that of presently available commercial rati"o

equipment can be realized.
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SUMMARY

This repirt concerns itself with, and results in, speci. caticns for solid

state transmitters and receivers particularly suited to the needs of fallout

shelter communications by radio.

In order to evolve specifications for such equipment. certain basil'

assumptions are necessary concerning frequency availability, blast damage.

ava 'able power, and radiation effects. It was assumed that frequencies in

the Safety & Special Bands would be available, that no blast damage should

oe considered, that the equinrer,nt must operate from storage batteries qs

well as power mains and that radiation presented no barriers to the use of

solid state devices.

A prototype area was chosen to facilitate a general system concept. and

documents relating to the aspects of shelter life which generate communica-

tions requirements were studied. Based on conclusions drawn from these

endcavors, fundamental requirements concerning power output of the trans-

mitters and receiver sensitivity in each band were established. A practica1l

tutv cycle was evolved from studying lhe day-by-day requirements for coin -

munications during the confinement period. This was related to battery drain.

;ml practical allowabl e input powers were determined. Storage batteries \ kre

leenwid parlicularlv suitable for the standby po~her cap:alilitv, and st udli•s

revealed that these devices were practical for the long-time storage ret

.qui retn nts.

The t-,:olution of general equipment requirements came' about through a

stud.v of tflvironim',nt atl ('c tlonitions, 'edteral regulat, vos gýoverning th.

V



operation of equipment in the specified frequency bands, and, of particular

in.,ortance, the long-term maintenance requirements. These general re-

quirements, in the main, dictate the physical characteristics of the equip-

ments and such items as moisture absorption characteristics, corrcsion,

case design, connecto. s and plugs, and operating controls.

The magnitude and scope of the project when viewed on a nationwide

scale are such as to militate atainst standardization of antennas and trans-

mission line. An investigation was made, however, of commercially available

materials, cnd it was concluded that antennis and lines are available to fit

the needs of virtually every conceivable case on a broaa scale.

The state of the semiconductor art, as applicable to RF power tran-

sistors, and manufacturing techniques were investigated in an effort to de-

termine the cost and feasibility of equipments. Sev(-ral manufacturers of

equipment and devices were visited and, lengthy discussions were held. There

was unanimous concurrence in the ieasibility of producing equipments in

accordance with the general spec!f.cations. Semiconductor manufacturers

furnished valuable insight into th+. question of device availability and cost.

Based on these figures and c,*he,.* information, a cost analysis on each type

of equipment was made.

It was concluded that the program is technically feasible, that equip-

ments priced at less than half wt1,ost of commercially available equipments

can be obtained for the project, and that the specifications will lead to pro-

curement of equipnment which is suitable for use on a nationwide basis with

but few exceptions.

A detailed set of riechanical and eloictrical specifications for equipment

at 150 mc/j, 450 mcis. and 950 mc/s is miclurded.

vi



CHAPTER I

INTRODUCTION

The concept for a national fallout shelter program allows for inme

means of communication between shelter management. the 3heltered popu-

lation itself, and higher echelons of civil authority. A previcus study indicn.ted

that leased landline communication facilities were most pr.qctical for the

purpose. The need for some means of back-up to thW., basic system is evi-

denced. Radio communication between echelons to be used when other means

fail is a suggested solution.

1.1 STATEMENT OF 'IHE PROBLEM

This report is in response to Contract OCD-PS-64-8 between Gautrey &

.Jones, Consulting Engineers. and the Office of Civii Defense, Department

of Defense.

Article I, "Scope of Work," of the Contract defines the problem in the

followiiig terms:

A. The Contractor, in consultation and cooperation with the Government.

shall furnish the necessary facilities, personnel and other servic's as MrN\

he required to study shelter facilities, communications componetits. equip-

ment. te-rlniques and sYstems. -s specifically provided in this Contract ,Ili

gl.nerally consistent with the Contractor's proposa,, dated May 31. 1963.

B. Specific \\ork and :'.-cvices shall include, but •)'t be li ni ted to, !'1.v

t1,l oh ing:

1. hwlop spect ic.i3.ations for ptrotot ,iW radio tratnsriltt vrs and rI' -

utilizing Appropria&te so! id st ate te,-hnAtqus•, and! 'tu &rl\

(ht-siglnit- for thi operating an, -itoragv o'ondhaions atn't et,,onotnV r-

qui rt-d, tor the shulter t'nviroram,.nt, And providing.

1. ()!prrItton In the rtgiori of 950 nm g~ac'v'ls, trainsmittr ,lUtput

:1bout 10 •a tt s, suitablv !.tuitipl exing.
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b. Operation in the region of 950 megacycles. transmitter outpii'

about 3 watts.

c. Operation in the region of 450 megacycles, transmitter output

about 3 watts.

d. Operation in the region of 150 inegacycles. tranismitter output

about 3 watts.

e. Operation in the region of 150 megacycles, transmitter output

about I watt.

2. Develop a family of antenna and transmission line configurations

suitable to the variety of environmental situations arising from the

group shelter identification and stocking program throughout the

Country.

1.2 ASSUMPTIONS

In any study which directs itself to those problemS of a sheltered pnpu-

lation irt a post attack situation, certain basic assumptions are required to

define those parameters of the instant situation which characterize the prob-

able getiaral conditions to be dealt with in the study.

In thLq specific study, some end point for design purposes n.•st be

designated, and the operational roquiremenets for the equipmentG must be

stabilized according to the basic assumptions at the limits which are dic-

tated by economics and the basic needs.

A previous study of the Fallout Shelter Communications problem has

been conducted (OCD--OS-62-123, Gautney & Joros, Deceml~cr, 1962). In this

report, a basic lauIdline %y3tem has been recomnmended as the most econom-

ical and practical first-line communickitlons ,,:edAum, The firtn assumption,

therefore. is that the radio communications system will serve only as

a standby or backup facility to that landline system. This is P pertinent
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assumpticn from the frequency dvailability standpoint: however, the speci-

fications for radio equipment must consider a condition wherein ceitain

proposed landlime circuits would be inoperative or non-existent.

A second assumption has been made concerning the availability of fre-

quencies for this backup service. During the List several years, the expansion

of 2-way radio facilities as an aid to munizipal government opeia . tn has

resulted in widespread distribution of frequencies throughout the United

States ir the Fire, Police, Highway Maintenance, and Local Government

services. It is presumed that those communities which will seriously ap-

proach the problem of fallout protection for the population will probably have

an existing radio network operating in one oi more of the above services.

Assumption number three requires that there be no suostantial blast

damage within the structure in question froni the standpoint of communica-

tions equipment. Obviously if there is fallout, a blast must have occurred

somewhere. However, blast damage is beyond the scope of this report.

The fourth assumption whici must be made concerns the available pow-

ei for operation of electrical communications equipment. It must be assumed

that, under conditions of fallout requiring the sheltering of the population.

the personnel operating and maintaining power systems will also take shelter

as required. How long the power systems may operate with less than full

manpower is a matter for conjecture; however, certainly the power will

eventually fail at the consumer location without adequate care of the equip-

ment, switching at the power distribution points, and efficient supply of fuel,

Any equipment, therefore, designed for operation in :i fallout shelter

network must be capable of operation from emergency power sources as

well as 115-volt AC power mains.
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The final assumption concerns the effect oi radiation upon solid state

devices in electrical circuits. It is known that the characteristics of semi-

conductors are altered in the presence of high radiation fields. For the

purpose of this study, it was assumed that, from the habitability standpoint,

the possible radiation effe,'* would be negligible. L.-Idiltlon levels sufficiently

high to render cOId.ges in the characteristics of the devices employed in the

transmitters and receivers would certainly be beyond the human tolerance,

thereby obviating the basic requirement for communications.

1.3 PROCEDURE FOR PROBLEM SOLUTION

In order to facilitate the conceptual deaign of an operational system,

it was necessary to choose a prototype area of representative terrain,

topography, and population density. This technique contributed a specific

solution to a problem which could be fitted to the general problem on a

national scale.

A suitable prototype must have an area of heavy population density.

contain rural areas, have both fiat and irregular terrain, and the area must

be progressive toward Civil Defense and possess a plan for fallout shelter

protection of the masses. Such an area is Montgomery County, Mary land.

Utilizing the prototype area and ex! sting fallout shelter plan, a practical

system was established which would afford an operational capability con-

sistent with the requirements for communications as previously envisioned.

.By pinpointi-3 the relative locations of shelter, precinct headquarters, area

headquarters and other headquarters for administrative and managerial con-

trol, it was possible to make certain determinations regarding frequency

usage, power outputs of the transmitters in the various frequency ranges.

isolation of networks, antenna gain requirements and uther general param-

eters ol the subject equipments.
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It was necessary to study those documents relative to communication

requirements generated by a shc.tered population, the likely environmental

conditions prevalent during shelter occupancy, and other material which,

Shile not directly applicable to the specific problem, did furnish a deeper

insight into the overall problem of communicating during disasters and

emergencies. In addition, the applicable Rules and Fegulations of the Federal

Communications Commission were studied to insure that the final specifica-

tions would procure equipment which was type acceptable and .-uitable for

licensing in the appropriate services. These efforts made possible the

drafting cf a simpic list of operational characteristics based on the back-

ground material studied and on certain system calculations which were made

in the study area.

At this point, an investigation of the state of the art was undertaken.

Magazine advertisements, trade periodicals, technical papers. brochures.

and semiconductor specifications were perused for information regarding

high-frequency, power semiconductors. In addition, members of our staff

personally contacted manufacturers of semiconductor devices and commu-

nications equipment to discuss the state of the art at the engineering and

application levels. Possible configurations for semiconductor lineups were

discussed along with device costs on a "first-line" 'nnd "fallout" basis.' In

this manner the feasibility of the project was determined.

Based on information from the semiconductor engineering and sales

people, applicable costs figures for semiconductor complements were ob-

tained. Equipment manufacturers Aere askeJ to provide "ballps.'K" figures

A "fallout" device is a product which has failed to achieve all of the per-
forinance characteristics of a particular type but is still perfectly capable
of being used in a circuit.
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for construction costs based on existing product lines and in light of less

i'ctrictive requirements for the equipments in question. This informnation

% %is correlated to form the basis of a cost analysis for each of the desired

units.

l.-i CHANGES IN THE PROBLEM

In the course of making system calculations for the prototype area, it

became apparent that certain of the contract stipulations regarding power

and service required adjustment.

Available frequencies, state of the art, and isolation of neiworks pre-

sented barriers to the proposed equipment requirements which neces,,itated

an engneering judgment regarding the feasibility of 10 watts at 950 mega-

cycles and the proposed use of this frequency band for long path service.

Subsequently, the reqcairement for 10 watts solid state at 950 megacycles

was reduced to 1 watt with a realignment of the echelon service require-

ments. Moreover, an additional requirement for transmitters capable of

approximately 3 watts output at 150 megacycles was obvious. This chaln-,

in concept was reported in a quarterly progress report and, since no adverst,

comments were received from the Department of Defense, was adoptcuI :

a goal.



CHAPTER 11

THE SYSTEM CONCEPT

2.1 INTRODUCTION

In ordler to evolve sivecifications for equipment which will achieve the

tl('sired inter-shelter communications requirei-tents satisf actor ily, it is

necessary to make a preliminary system study for it representative area.I

Consideration must be given to frequency availab.Aty. g;eometilic location~s

of fallout shelters or the various echelun control headquarters. ind the

factors which influence radio frequency transmission such as path length

-.nd topography. An analysis of these facets will enable recognition of'

the general izeu eq,.zirnPnt requirements.

Such a study will be discussed in this chapter. It must be emphasized.

however, that many' of the conclusions reached regarding specific requirle-

inents for the study area may not be applicable to other parts of the

countrY. In addition, it will hie rec~ognlized that a comoplet e. det0ailed

sYstem design has not been made, but rather a cursory treatment to facilitat,

the ultima~te goal of this rtejport - - thu development of sp~cihti'itio.

Neveri nel ess, a s 'U isfactorvi svst em can be designedl using the bashc equilp-

mtent s with the speciffic ations recommended herein.

2.2 F'l{(ýUENC1F 'S \V.\ILABIU. FOR
I .\L LOUT SHELTERI COMMUNICATIONiS

( ne, (it t he more c~'ri tical probl)Iemls i nv olved in the, (Ato nC et of !Allout

shelter radi! cov''inluniatio!IS is the AV~tilabd itV (d I rt'(L~ttth iCs tor' the(

purpo-Ae. Tht- princi pal dift i tlt v arises frront the I act tha t Ih t-quiptut-i t

Sill hc ;ivtilritd for, kirill puirposes, And tests. Sill( c 1'ttttl rtl'ýtr l't

i l l' tit, tInurttt during tion-emiergency periods tfor !ratninig ptirjx~s,- tht

ttrislsmittitrM- must hit licensedl by the Federal(onuittvsIOtiilMo
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Therefore, frequencies must be chosen on which communications concerned

only with the Civil Defense operation of fallout shelters are authorized

when enwrgency conditions are non-existent.

The niatter of licensing the equipment by the Federal Communications

Cottimission. raises a question concerning the eligibility of the licensee.

It is ,pparent that the only practical way to insure efficient, organized em-

plovnient of radio equipment for fallout shelter communications is to place

the equipment in the hands of a local government such as a town. city.

county. or state. Such licensees are authorized to carry out communications

concerning the various phases of governmental responsibilities in the Safety

avid Special Services bands.

The present regulations of the Federal Communications Commission

co,.cerning the allowable traffic in the Public Safety services require thiA

freoencies allocated foi use by Police jurisdictions be used exclusively

for pol-ce business. The same restriction prevails for Fire and Highway

Maintenance allocations. Communities which are too small to support sepa-

rate communications facilities for eat h of the services, but which require

communications for the good operation of the Government, may make use

of those frequen'ie.5 allocated for Local Government use. In this service.

tratfic 'oncerning any phase of the Government operations may he lmssed.

This. of (AOurse, inclludes Civil f)efen-;e messages and re(.uir'raent.

"These restricntions tssentiallY require that this equipmient hr, li censedI

in thc IA)iIl (;ovt rn etint lRadtio Serviu&e of the Safet, mitld S t'(ial ileli(,

Stsrvltces Ahic'h is (-vyt,r t qt rt I'. of i)!rt S9 of the uiles anti lRta ll:i-

tionis () 1 hth I"c crilh ('onitiiutliat Aioi ( 111.i1inh-.iol.'

trt~tliticni-iýs irc Ail alcl in thi s ! f- rv i- tin all piotrtioiis of ihe, ,•jIt

t,1ni s,.t! h 'th In th,. contract. In addition, niarv larger ((Iiilmunt!ic', t. ,t,
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allocation of additional fru !uercies may be difficult, already have author-

izations for stations in thi,W, service; and - communications system for

fallout shelters could be desi ,ned, to a large extent, around those existing

frequencies.

The operational problems inherent in conducting drills and tests could

then be alleviated by arranging to have these practice operations occur on

weekends when normal traffic relative to the Local Government business is

minimized, if existent.

2.3 THE STUDY AREA - MONTGOMERY COUNTY, MARYLAND

Montgomery County, Maryland, is a part of the Washington D.C.-

Maryland-Virginia metropolitan area and is contiguous to a portion of the

District of Columbia. As a result of this geographic position, the southeast

part of the County has an urban nature and highly concentrated population

distribution. The County is bounded on the north by predominantly rural

Howard and Frederick Counties, and it follows that the northern portion of

Montgomery County, Maryland, is rural in nature demographically and

geographically.

The County appro)ximates a trap, oi l in shape with its major dimension

running from the northwest to the southeast. It is roughly 26 miles long and

22 miles wide, containing an area of 493 square miles.

Topographically, the area is composed of low rolling hills, and its

elevation rises from less than 50 feet AMSL at the Potomac River on the

South W, 450 feet in the area of Damascus to the North.

According to tne 1960 Census of the United States, the population nf

Montgomery County is nearly 34l.o010. of which almost 90 per cent reside

In an area which is less than 11) miles from the District of Columbia

h)ound(arv.



10

z 0

2 ~~ 0 

~
CL,

20 z

~ILa



11

The attitude of the County toward Civil Defense measures is considered

very progressive. An underground Emergency Operating Center which will

house the County Government during periods ,of emergency has been con-

structed in Rockville. the County Seat, and is now operational. Further. all

of the County's communication control facilities for Police. Fire, Highway

Maintenance, Local Government, and Civil Defense are contained in the

Center. One of the major feat'ares of this Center is its use for the day-to-

day operations of the County Government communications networks. Should

an emergency arise without warning, the communications centers are fully

staffed to handle the normal traffic loads. Moreover, the necessity of

familiarization with a new environment at the time when the emergency

occurs has been eliminated.

Of perhaps more importance to the immediate project, the Civil Defense

authorities have evolved a shelter plan for the population selecting. for the

most part. County-owned buildings as the sites for future fallout shelters.

An organizational structure has been set forth which relates Civil Defense

echelons to existing political subdivisions, such as districts and precincts.

The advantage of such a structure is obvious. The adult population is famil-

iar with these political subdivisions from the registration and voting pro-

cedures, and educational requirements are minimized in the light of prior

familiarity. A map showing the Civil Defense Districts is included for clar-

ification of this discussion.

For communications purposes, obviously these political subdivisions

must be further expanded to include subjacent control responsibilities de-

pending upon population density and/or traffic volume. The general con-

figuration of responsible subdivisional headquarters is pyramidal with each

echelon control point responsible for the safety, welfare, and good order of

the subordinate control points reporting to it.
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For Montgofr. ery County, the problem is greatly simplified by devising

nomenclature for identification of echelon levels as follows:

County (Emergency Operating Center, Rockville)

District (13 election districts)

Area (combinations of precincts in heavily populated areas)

Precinct (87 voting precincts)

Shelter (fallout shelters in sufficient numbers to house the population)

It is felt that similar nomenclature will be useful and applicable to

the national problem. Heavily populated areas will require all of the sub-

divisions listed. Less densely populated areas will find it feasible to

cnupioy fewer echelons. Montgomery County affords examples of both~situa-

tions in question.

The rural districts of Laytonsville, Clarksburg, Poolesville, Potomac,

Barnesville, and Damascus do not require area ur pr, cinct control eche-

Ions. On the other hand, the semi-.urban districts of Rockville, Colesville.

Darnestown, Olney. and Gaithersbvirg do not require area echelon -ontrol

due to the small number of precincts involved.

The lengths of the transmission paths over which rsdio communica-

tion must he a.hirved are subject to variation due to varying population

ielnSitv and echelon level, For instance. from County to listrict tieadquar

tr. the diata!n•,m.e ,rvint' from 5 to i5 miles in Mo; tgo•r,,"v %County, Fron,

,intri•t to \ren in the urhbtn cases. and from Distri't to Shtl! cr In th,

rurz,; -irei. the transmiasion paths viiry irom I to 4 rn'les ill lcngth. |'ht

inst ;ncvts lt~ eer, Area and iret inct anti between 1rtt.(- nt and $htvltt-u

:htr',,n4 lit in t rangte of from less than I to 3 miles.



13

2. L.RKSUR 9 AAr~R53

3. POLESVLL~ 0. PT10,

S.CII COLISVIL DISTRAICSTS

3. POOLSVILLE 10. W)Q~ACO

7. BETHESDA



14

2.4 TRANSMISSION PATH LENGTH VS FREQUENCY USAGE

Under the original radio back-up system concept. from which the instant

contract evolved, the use of a frequency for communications was rigidly

related to a ,oontrol echelon rather than to transmission path length. It must

be pointed out. however, that this earlier report concerned itself mainly

with a generalized discussion of communications with primary emphasis on

a landitne system. for a prototype area.

When the problem Is viewed on a national scale with the fundamental

intearests being the most efficient use of radio equipment and frequencies,

it becomes much more practical to think of using the lower frequencies foxr

the transmission paths of the longest length. On the basis of free space at-

tenuation alone for the 15-mile paths listed above, it would require 10 times

as much radiated power at 450 megacycles and 40 times the power at 950

megacycles to achieve communicatiom than would be necessary at 150 inc/s.

In the upper level echelons, path lengths begin to increase, and a re-

quirement also exists for comrn,,dnications between several control points

at the same echelon level. In most cases, this precludes the use of direc-

tional antennas, thereby limiting the power gain available through antenna

configuration alone Assuming, however, that a 10 db omni-directional gain

in the horizontal plane could be realized, it would still require 12 times as

much input power to the transr Itter to make up the regnaining deficiency at

950 megacycles considering achievwble operating efficiencies. Obviously.

such unecono~mical use of the input ,,ower would be intolerao!e when operf t-

ing from standby emergency power supplies.

O• the other hand. in the congested areas of sh-,rt path lengths where

network isolation is of major concern because of a gwneral lack of an ade-

quate numner *2f frequencies, the use of 950 megacycles would inherently
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include a reduction factor of 40 which could be increased rebdily through

the use of directional antennas.

These factors dictated a change in the basic problem. It is now apparent

that frequency usage must be related tP path length and isolation require-

ments. Adopting this concept, the transmitter output powers can be reduced,

the emergency power supply requirements can be relaxed, and a more

efficient and economical system can be designed for any given area. There-

fore, communications for path lengths approaching 15 miles would utilize

frequencies in the 150 mc band, regardless of echelon level. For intermediate

path length, 450 megacycles would be used; and for short distances of 3 miles

and less, 950 megacycles would be chosen for densely populated areas. The

choice of frequencies. however,, would be closely tied to frequency alloca-

tions for the area.

2.5 SYSTEM CALCULATIONS

System calculations have been made to determine the minimum per-

formance characteristics of the equipment in each frequency band based on

information gathered in studying the prototype area. In making these cal-

culations. certain assumptions have been adopted concerning the proposed

antenna heights, transmission line lengths, transmission lýath conditions,

anti the type and quality of antennas and transmission line Ohicht mAv 13 ushtd

in any system, T'ese, .issuml)tions divect themselves to the predictted average

conditions. re.alizing thAt the in(liviltcual situation may vary cons iderabilv ind

- "''lir o• ••ljutltmerit

An antenna heighm t, , 'et has ben assuuild for 1l1 of the r-Al1ulations.

Sin, , most CA' the fallout shelters spio eid it, Vt,, stud&i re artT pid:!

huildings (nman•y are s(.hcolo), it is reasonahble to expct that the root's of

thesv buildings %-ill be it in averagv heiight ot 30 t,, * abiov ground iel
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Higher elevations will -nhance and lesser elevations will degrade the trans-

missions ov,'r a given path, but it is felt that this is a logical average from

which to make general calculations.

The average transmission line length considered in these computations

is 100 feet. If 0.r shelters are located in the basements of buildings having

a rooftop elevation of 30 feet, the total vertical length of line should not ex-

ceed 45 feet. This allows a total of 55 feet for horizontal displacement of

the antenna or radio equipment.

In all of the calculations, the existence of a line of sight between trans-

mitting and receiving antennas has been assumed and corrective loss factors

have been added to approximate average conditions. In certain areas of ex-

tremely rough terrain, some adjustment of the results would have to be made.

However, for the purposes of determining necessary equipment performance

for a national stocking program, this assumption is valid recognizing that

corrective action in special cases will be required to compensate for irreg-

ularities in the terrain of a specific area.

With respect to the types andqualityof antennas and trtnsynission lines.

examination has shown that equipment with character!stics sinidlr to those

of the products commercia'lly available it the present time n ill be -uitahil.

for employment in the saumple system, The :ivalla!I,,, gains and pattern

characteristics of todiy's antennas will satis[v the requgrurments of the .•v'-

tern •on('cept. Ot course, the duties of cer tain of the organiv.itontal , l'h lol',

preclude the use of antennas with dire('tiona! charac'tt :istcis. In adhtioton,

the excessive otttenuation of high frequncives. ,uch as 9.50 megaiccrIv,

militates against the use of certain types of rans•nission I itis in connt-st lIon

with critical p),aths. In .he main, however, gain and nttenuation ch'iracteritst l
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of commercially available products have beer, ass imed to be satisfactory

for the purpose of these calculations.

One of the factors which must be given carefu. consideration is the

degra(dation in performance character is'ics of the equipment during the

storage period. It is recognized that this equipment must be used for drills

and ;raining exercises, and it follows that some degradation will occur.

Moreover, the quality of maintenance in some cases ntay leave much to be

desired. Therefore, a compensat~ng factor has been used in these calcula-

tions. This factor allows for a reduction in the tranr.aitier power output and

a reduction in the receiver sensitivity to 50 per cent o& their rated values.

The following pages show sample calculations foz the longst trans-

mission paths encountered in the study area. Equipment characteristics

which will satisfa(torily provide communications over these paths are also

shown.
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SAMPLE CALCULATIONS

Frequency: 150 megacycles

Path Length: 15 miles

Antenna Height: 30 feet r 4.6 X

Path Structure: 132 db

Transmission Line Loss (Xmtr): 1.5 db

Transmitter Degradation: 3.0 db

Transmission Line Loss (Rcvr): 1.5 db

Receiver Degratdation (Power),. 3 db

Total System Loss: 141 db

3-Watt Transmitter. 4.8 dbw

Horizontal Gain Antenna (Xmtr): 5. 3 db*

Power Delivered to Receiver Terminals: -130.4 dbw

Required Receiver Sensitivity: 2 uv

"*Relative to a half-wave dipole
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Frequency: 450 megacycles

Path Length: 10 miles

Anternna Height: 30 feet = 13.7 X

Path Attenuation: 126.0 db

Assumed Shadow Loss. 10.0 db

Transmission Line Loss (Transmitter): 1.9 db**

Transmitter Degradation: 3,0 db

Transmission Line Loss (Receiver): 1.9 db**

Receiver Degradation: 3.0 db

Total System Loss: 145.8 db

3-Watt Transmitter 4.8 dbw

Horizontal Gain Antenna (Transmitter): 5.8 db*

Horizontal Gain Antenna (Receiver): 5.8 db*

Power Delivered to Receiver Terminals: -129.4 dbw

Required Receiver Sensitivity: 2.4 uv

*Relative to a half-wave dipole

"**Higher quality transmission line would be ued for this longer path.
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Frequency: 450 megacycle,--

Path Length: 4 miles

Antenna Height: 30 feet = 13.7 ,

Path Attenuation: 109.0 db

Assumed Shadow Loss: 10 db

Transmission Line Loss (Transmitter): 3.8 db

Transmitter Degradation: 3 db

Transmission Line Loss (Receiver): 3.8 db

Receiver Degradation: 3 db

Total System Loss: 132.6 db

1-Watt Transmitter: 0 dbw

Horizontal Gain Antenna (Transmitter): 5.8 db*

Unity Gain Antenna (Receiver): 0 db*

Power Delivered to Receiver Terminals: -126.8 dbw

Required Receiver Sensitivity: 3 uv

*Relative to a half-wave dipole
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Frequency: 950 megacycles

Path Length: 3 niles

Antenna Height: 30 feet = 29 X

Path Attenuation: 103.0 db

Assumed Shadow Loss: 20.0 db

Transmission Line Loss (Transmitter): 2.9 db

Transmitter Degradation: 3.0 db

Transmission Line Loss (Receiver): 2.9 db

Receiver Degradation: 3.0 db

Total System Ioss: 134.8 db

1-Watt Transmitter: 0 dbw

Unity Gain Antenna (Transmitter): 0 db*

Directional Antenna (Shelter). 10 db*

Power Delivered to Receiver Terminals: -124.8 dbw

Required Receiver Sensitivity: 4 uv

*Relative to a half-wave dipole
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CHAPTER III

GENERAL EQUIPMENT REQUIREMENTS

3.1 INTRODUCTION

The calculations shown in the previous chapter give a general indication

of the transmitter powers and receiver sensitivities necessary to provide

communXeations within the study area. In order to completely spectly the

general requirements, however, consideration must be giveii :' the environ-

mental conditions to which the equipment will be subjected: the additionai

requirements imposed upon the transmitters and receivers due to operational

difficulties, government regulations, and cost; the type and quality of antennas

and transmission lines to be included in a system design; and finally, the

most feasible source of emergency power to insure operation for the period

of confinement in the event of commercial power failure.

"3.2 REQUIREMENTS CAUSED BY ENVIRONMENTAL CONDITIONS

Initial consideration of the environmemal conditions posed so-neopera-

tional and storage requirements necessitating rather costly approaches. A

thorough analysis, however, of the temperature and humidity records through-

out the United Sates based on the normal and extreme shows that minor

precautions in construction practices coupled with Federal regulations con-

cerning transmitter operation will suffice to insure that physical storage

and operational environments will not matterially Affect the capabilities of

the equipments.

The 'eideral Com,,minnications (2ommisslor requires that equipment

operRting in the hands of frequencieis •in~er contsid,•irtton for a tallout snelter

(,omnauni:Rtions ,e'work have A frequency stntdl!ty ovtr A wide rnge of

temperitturei. In properly dc.•. ned vielter space, .issurntng adequate cubic
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space per person or air exchan•,, in lieu thereof, no problems are antici-

pated in maintaining operation of th'e equipment from the standpoint of

temperature.

Humidity, however, may pose some restrictions on materials utii ,Led

in construction. Consideration must be given to the storage period and the

possible conditions existing in the assigned spaces. Many of the shelter

areas will be basements of buildings which have no means of humidity con-

trol. Assuming dampness to be prevalent in many locations, consideration

of the long-term absorption rates of coil forms, etched board substrates,

.tc., will be an important factor in the overall design. Obviously, the use of

paper coil forms will be precluded and certain of the printed board sub-

strates will be disqualified. This does not mean, however, that glass boards

are indicated or desired due to basic cost considerations. Certainly her-

metic sealing of the cases is not required. With suitable moisture-proofing

of the boards, care in the choice of coil forms, components, and loud-

speaker cones, the equipment should withstand relative humidities ap-

proaching 10( per cent without damage or degrdation.

The human aspect of environmental conditions during the eme.-gency

confinement period will require equipment configurations which otherwise

would not be considered. It cannot be expected that trained operatn's will

be available trom among the ahelterNd populItion. In fact, the equipment

should be so designed mechanically that its operation is obvious. If po.ssihle.

it shotild re•embl,? a piece of equipment which Is fimiltar to most people.

To have the equipment desigred to rt-•,niblu a telephone is not prac(ical

frr",' the mechanical standpoint Most pophc, how.ver. are somewhat

familiar with the common office Intercom Oither through experience. movie.s,

television, or personal observation. Thi, configuration. moreov:r. lenkis
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itself well to the mechanical problems involved in construction, storage,

and use. It is not considered wise, for example, to have a separ&te micro-

phone with the units. There are advantages to be gained from a separate

microphone. Chiefly, these advantages concern the ease of operation. The

principal disadvantages are the fragility of the cable, possibility of theft.

and, perhaps most important, tWle unit can be allowed to fall and sustain

damage which would render the entire unit inoperative. Therefore, a micro-

phone which is enclosed within the unit housing seems indicated.

Ambient noise levels within tne shelters cannot be determined. It is

imperative, therefore, that some type of e.rpiece be available to enhance

the possibility of hearing and understanding the transmitted intelligence.

It may not be desirable from the psychological standpoint to have all mes-

sages heard by the passers-by. It is anticipated that the action of using the

earplece will silence the loudspeaker. Aside from the possibility of a

psychological reauirement, another advantage in conservation of power will

be gained daring the times when the earpiece is utilized.

3.3 MAINTENANCE REQUIREMENTS

Other ge-ieral requirements for the equipment are dictated by other than

environmental conditions. One of the major items of concern in the design

of equipments which will possibly b1 installed in large numbers is the

maintenance problem. Wihile many of the jurisdictiors which may possibly

install fallout shelter commctnications will have adequate maintenance stafts

capable of utilizing test equipment and effecting repairs, many will not be

so forti-onate.

In our Investigation of the general conrtruction program for the equip-

•nenta outlined in this report, consideration was given to the nhof 4ular con-

cept. This, of course. *llows for basic testing and removal of defective
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circuits by relatively Inexperienced meintenance personnel. The added cost

to the engineering and construction does not seem to warrant such an ap-

proach. The equipment will be sectionalized insofar as practicable and

commensurate with good engineering practice. Beyond this, an economic

barrier exists.

Those concessions to maintenance simplicity, aside from the mechani-

cal layout of components and housing, will be limitet- to external metering

at a common point with emphasis on a "go, no go" type of readout. This will

allow a routine maintenance check without the necessity of entering the

equipment enclosure, and can be accomplished with relatively inexperi-

enced personnel.

Moreover, the inherent reliability and long life of transistorized equip-

ment offers maximum relief to those responsible for maintaining a large

system. It Is expected that adequate ma ntenance can be maintained utilizing

the above co.,lcept of testing and a 1 per cent spare unit stocking program

for each type of equipment installed. Under this concept, a determination

will be made concerning the operational capability of the equipment. Either

it will be within system design limits or It will not. If it does not meet the

requirements for the system design, it will be totally replaced and the de-

fective unit returned to a central maintenance point for repair.

3.4 P.EQUIREMENTS FOR MULTIPLEX TECHNIQUES

One of the contract requirements t-oncerns Itself with multiplexing

techniques. Our studies have indicated that there Is no need fcr wide-

spread use of multiplexiig equipment. The expeited traffic loads, 'thin

the pyramidal structure art such that multiplexing %ill not be required

in atmy but unusual ca•es. In tni. largest itetropxolitan arfeas ef the United

Sattes, it is ox)ssible thait odditionral t•chelon control points will be required.
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In such cases, a need for multiplexing can be foreseen between the overall

headquarters location and subordinate headquarters in various sectors of the

area acting as distribution points much in the manner of general headquar-

ters in lesser populated areas. In these instances, justification exists for

the use of multiplex techniques. Such justification could only be determined,

however, through a careful analysis of the specific bystem requirements.

Since the need will be extremely rare and will require specially de-

signed RF equipment for the purpose, it i;4 economically unfeasible to con-

tinue further consideration. Transiatorized equipment exists and is com-

mercially available which makes use of multiplex techniques. A few of the

manufacturers are currently investigating the use of semiconductors at

960 mc for multi-channel equipn~ent. Notwithstanding the possibility of

commercially available semiconchictor transmitters and receivers for this

frequency, it is felt thLt centers large enough to require multi-channel

operation to accommodate the traffic load will, in all likelihood, be large

enough and of sufficient importance to the overall system to wpxrant stand-

by emergency generator capability, thus relieving the emergency pot'er

supply requirement inherent in the ui3e of this type of equipment. Spezifica-

tions can be drafted for this service on a case-by-case basis for the specif.c

system which will allow procurement of commercially available equipment

from a sufficiently large number of manufacturers to make it economical

to utilize this approach.

3.5 TRAN4MITTER AND RECEIVEIR REQUIREMENTS

As shown in the calculations in the pre-ceding chapter, transmitter out-

put powers of 3 watts at 150 mc, 1 or 3 watts at 450 mc and I watt at 950 mc

will be suitable in nearly all cases for the falloilt shelter communivatu,..is

systems. In those instances where Hgher powers are necessary, the effec-
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tive radiated power cat, b- a•gmented by utilizing antennas which offer hori-

zontal or directional gain characteristics. This is a far more suitable

economic solution than developing equipments which are capable of gener-

ating higher outputs directly.

One of the more significant factors governing the remaining electrical

specifications for the transmitters is type acceptance by the Federal Com-

munications Commission. Certain fundamental operating characteristics

have been established and incorporated in the Rules and Regulations of the

Commission. One of these characteristics concerns the stability of the car-

rier frequency. In equipment wherein the input power to the amplifier ex-

ceeds 3 watts, the frequency must be maintained within .0005 per cent

between -300 C and 450V C. In a literal sense, each of the equipments for

which specifications have been drawn will require more than 3 watts input

to the final power amplifier. It is true that at the higher frequencies the in-

put to the final stage will be pure RF with no DC power input; but, to our

knowledge. no interpretation of this ruling with respect to passive multi-

plier stages has been made. The specifications, therefore, will require

.0005 per cent tolerance throughout the temperature range sr ecified.

Other specified requirements include the minimum acceptable attenua-

tion of spurious and harmonic emissions, the maximum allowable frequency

deviation and bandwidth. and the highest permissible modulating frequency.

These requirements are entirely -onsiitent with the operatingrequirements

established in our StuditS of a prototype system. They ap•var to he neither

overly restrictive nor inconsistent with the overall goals.

As mertioned before, an external micrrtphone is considered a possible

4ource of failue ilue to environment and storage conditions in the shelE'"-,d

areas. In additiona. the -,qt:Ipment wiil • rmade, as sitl.pie to plhytt'allv
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operate as it is possible to design. The external controls will consist of a

"push-to-talk" lever which controls a wiping switch for voltage switching

between transmitter and receiver. This will eliminute the necessity for a

relay with possibly exposed contacts which are subject to corrosion during

storage.

The oil-on switch will be incorporated with the volume contrcl to ap-

proximate as closely as possible an ordinary radio control. Since the setting

of any squelch controls affect the basic sensitivity of the receiver, it is

planned to p~ace this control either inside the case of the unit or to make

it a screwdriver adjustment. Some means of lndicatingthat the set is opera-

tional during the transmit phase will be needed. This could possibly be a

lamp indication or an inexpensive meter marked in the conventional red.

yellow, green mode to indicate not working, working at less than full output,

and normal operation respectively. Such a device, while not necessary to

the operation of the site, would offer some measure of intelligence to the

operator regarding int- condition of the unit.

The problem o. background noise enters the picture with regard to

transmitter specifications. This factor will be compensated for by circuitry

which will inhibit modulating signals at a level lower than the level of a

normal con'; ersati(!nal voice at a distance of 3 feet from the built-in micro-

phore.

The receiver requircments, as derived from systerm c alculations. arc

not stringent when compared to equipment presently avallahl ('ommtr(bitllv

l~eccever sensitivitics of I uv, 2 uv, and4 uv at 150 mc. 4,50 mc. and 950 mc(

rspe(tivelv, will be satisfactory for use in a fallout shelter comrunist-a-

lions system.

Since it se:ems likely that little high power mobile activit V will bhe taking
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put power levels contemplated for the equipment in the shelter system, the

selectivity requirements of the receiver maybe relaxed somewhat. Adjacent-

channel interference will not be the problem it is during normal periods.

Again, it is anticipated that tests and drills will be conducteJ during periods

when the problem of adjacent-channel interference wi'l be lessened as

always happens during slack communication periods.

The primary interest in the back-up fallout systemi is te convey voice

intelligence on a point-to-point basis. No unusual fidelity will be required.

Moreover, tests conducted by Bell Laboratories have defined the limits of

destruction of intelligence when certain frequencies are suppressed o, when

distortion is present. In light of the basic goals, the requirements fo'c fre-

queney 1 esponse and distortion of the audio signal may be less stringent

than that commercially available uio,,';". Rv relaxing these requirements

while still maintaining the required tolerances the system, some sav-

ings can be realized in construction.

In the design of two-way mobile communications equipment and -;so-

ciated base station equipment, the manufacturer must take into considera-

tion the motion of the mobile radio unit. The common practice is to utili:,e

a discrriminator with perhaps two stages of limiting ahead of it to compen-

sate for the rhythmic fivding predominant in this type of operation. The

hback-up svstemr for fallout shelters %%ill he a point-to-point net% ork. Thore

will he no wideopread need for direct mobile-to-shelter operation. The

recveivtrs maY be designed. therefore, with a ratio detector, thus elirni-

titing the nued for excessive limiting in the preceding stages. This will

ro'sult in tct er 'omponents and lov er cot. It is possible that squeluch , ir-

-ilts may [','come slightly more involved with the d.lnmination of limiters.
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but tot sufficiently to materially affect this cost saving ',eature.

In the section dealing with environment, mention was made of back-

ground noise and its possible effect in signal reception. One aid in combat-

ing this problem is the use of an earpiece. It was shown that this also re-

duced the Input pov er since current drain increase;; with an increase of

volume output. Another power saving technique is to specify the audio

power output of the receiver in terms of acoustic power rather than elec-

trical input power. In this manner, the manufacturer may use a more

efficient transducer, resulting in less electrical powf,,r consumption while

still achieving the ultimate goal of adequate sound 1.vel for receiving and

understanding voice intelligence. If the transducer is of good quality, it

may also satisfy the requirements for :a microphone, thus eliminating still

another component in the unit.

3.6 REQUIREMENTS FOR ANTENNAS AND TRANSMISSION LINES

For purposes of preliminary sysItem calculations, it was assumed

that no reyiirements existed for power gain or direc'.ivity exceeding those
commneicial!y available in standard -onfiguraticns. Typical gain and at-

tenuation figures of some of the antenias and transmissiou Iincs were used

in the computations. This was done in order to determine the required

el, 'tricul characteristics of the transmitters and receive-s in each band

of frequencies.

A thorough exanmnation of the mtuchanical requiremeiits of lines and

antennas has been made in light of the possihle environm.n rt (luring .tor-

age periods as well as thobe environmental ('ondit ions which inight exist in

the moments InimediatelNv following a blastý

(O;ne of the )asi. " assuniption. tor tl., purpose of this reXport is that no,

blast dnmagte exists, and fallout radiation h ..ar(ds havy been the niajor 'or -
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Mideration in the basic resolutions regarding equipment characteristics.

However, it is considered of particular importance to determine the cap-

ability of antennas to withstand the effects which follow a nuclear explosion.

These capabilities, however, must be viewed in the light of certain factors

concerning the mounting structures and locations which tend to place a

finite limit on the ultimate requirements.

Today's communications antennas are designed to withstand wind

velocities of between 100 and 125 miles per hour while loaded with 1/2"

of radial ice. In 1955, tests were conducted in Nevada to determine the

blast damage to commercially available antennas of a similar type to

those used in the calculations. It is interestitg to note that these antennas

withstood an overpressure of 5 PSI and sustained no damage detrimental to

continued operation.

The vast majority of the buildings designated as shelters in the study

area are unreinforced brick and masonry construction. It is our presump-

tion that this will prove to be thecase in most of the nition. It is reasonable

to assume that buildings of this construction will not retain any measure of

habitability , fallout shelters follcwing overpressures of 5 PSI. To specify

antennas with mechanical ruggedness beyond those commercially available

Is to place an unwarranted economic barrier in the path ot ultimate imple-

z,-,tatioiu of the program.

Presuming that the .4hilitv to withstanA 5 I'_. .- the maximum nwr•'hanl-

'al requirement for antennas, an investlgation was undertaken to determine

the minimium mvrhannical ruggeidness which would h,- acceptal)lt tor the

probable envirormental (onditions. I'he record wind velocitites for 45 citirs

in 31 t,. were collected. Of these, the rninimun %kas 49 nmles pert houi'

(true. value) re orded At Citwinnati. Ohio. The velocities range, iremll this
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through 132 miles per hour recorded at Miami. Florida. Only four cities

recorded less than 60 miles per hour as a maximum with the majority

exceeding 70 mph.

If these wind velocities are translated into terms of winds accompany-

ing overpressures, it is easy to see that the average overpressure require-

ment is in excess of 2 PSI. Antennas can be designed which will fit the

minimum .-uggedness requirements. This, however, requires a develop-

mental program and results in an entirely new line of equipment which

would find little application commercially. Whilc the cost of materials for

the Individual antenna would be less than those commercially available, no

real savings could be realized unless quantities in the thousands were to be

purchased. Informdtion from antenna manufacturers indicates that com-

mercial type3 of antennas would reach an agreeable price break at a smaller

quantity figure and would not entail a developmental and engineering project.

Antennas are readily available which are omnidirectional in the hori-

zontal plane but directional in the vertical plane. This configuration re-

sults in "squeezing" of the radiated energy and gives an apparent power

gain when cornpared to a half-wave dipole. Antennas offering from 0 to 6

db gain at 150 mc and from 0 to 10 db at 450 mc and 950 mc can be obtained

from a number of manufacturers at a variety of prices. I)irettional an-

tennas are available with power gains ranging from 3 it) for the familiar

cardioid to 10 db for the dual Yagi and reflector tyles oft anternaas. -rom

the electrical and mechanical standpulnts, it appears that antennas nre

available on the open marke, which are not only suitable, but nearly per-

Ie<tly dexigned for the ptirpost. of a fallout shelter communi•'at ion svstcn..

It wo,. i appeac, frth.ýr. that the choice of location and method of mount-

ing the antenna Is a great,'r oroblem than the choice of antenna itself.
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Certain antennas, which in themselves may well sustain 5 PSI without

damage, are of a configuration which would result in thrusts exceeding

20,000 pounds at the mounting points under these conditions.

Since the important operating characteristics of the transmission lines

are limited to attenuation and impedance, there appears to be no require-

ment for additional research in this field for the specific problem at hand.

Transmission line is also available commercially which is perfectly adap-

table to the systems contemplated. The choice of transmission line for an

individuaj link will depend entirely upon the amo..nt of allowable attenuation

of the transmitted and received signals. Since the equipments will be

designed with a characteristic input and output impedance of 50 ohms. a

transmission line may be selected from this group which fits the needs of

the individual station. In general, the least expensive line which offers the

neces3sary attenuation characteristics will be used.

From the environmental standpoint, there seems to be but one requirt-

ment for transmiss.on line. Normal installation techniques for transmission

lirne result in clamnps fastened to the wall which support the cable and hold

it rigidly in place. It i,,, anticipated that most insta!lations Nill he in Jci-

tions which have an inherent moisture or humidity prcblem. For this reason.

it is imperattive that sme measure be taken to insure that deterioration

of the transmission lint' does not occur during the storage phabe. To avoit

the c'orroslve action of dissimilar metals in moist Atmosphere. jacketed

I an4risi sion l1,ne T4hould be specified, regardless off t pvp. This %ill not

inhibit stan(iard lrovndiug rtquirumtnis. but %A ill protect the trawsrni-sion

line r.g~rhltss o! path or .'trucure.

\ chart showing c•tenuation chara'cterlstics of four different! quali tt,.

'1 3 '4* transnilssion line hf,,,v chdrituteristic imipedlcet' of 50 ohms is

shon (n the' following page.'
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3.7 EME'3GENCY POWER REQUIREMENTS

One of the most compelling needs in any emergency network is that of

an adequate, economical, reliable standby power system which will function

If and when the commercial or other main source of power fails. A great

deal of attention has been given to this asnect of the contract since, as pre-

viously mentioned, it Is almost "ertnin that commercial power will fail at

some point in time duritt,, the emergency confinement period.

It has been assumed that the emergency power supplies stipulated in

the specifications contained herein will be used exclusively for the purpose

of communications, and no. other life-sustaining appartenances have been

considered in the choice of emergency power sources.

The features which seem most desirable in an emergency power ,;upply

are aj follows:

1. It must be reliable.

2. It must be economical.

3. It must require no maintenance during storage periods.

4. It must be quickly activated,

5. It must be capable of operating the equipmem for ,t 2-week period.

6. It must be reaaily replaceable during the emergency.

Rigid idhtr',ncu to the requirements list above "-ill qui'kly rule out

motor diriven rotating generators otn perhaps five counts. Small generators

do not haWvt a rullibihlity sufficient to expect 2 \ ciks' trouhle-free opt'r a -

tion. F' uel stor.aKe, is a prohlem. Initial cost is high. .Thvy till requirc

miiAntenitrnict during storage. and they are not readily- re;)) uct-ahle ,luritn

the, itnitrgciwtv period,

Mechanical generators which ,wrc operated bY ý.tliriw ;.4; % er also Iemt,

much to be deleirt'A. "\t the tirat, of comnmerciadl p er iallurv. thv!ýv
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mechan~cal devices mrust be continuously supplied with manpower until the

end of the confinemrent poeriod to meet. the listening requirements for the

system. The pxssibility of a general lassitude settling upon the sheltered

popuiatlon cannot be overlooked in this regard. It is not certain t~hat men

can be c-ompelled to operate such a device regardloss of shelter condition.

Moreover, it crezates a problem of equit'tble distribuiton of the work load

among the ai'ailable shelterees.

Fuc' cells appear to have characteristics which would fit ntost of the

ireqidi~eniento. At this time, they are not eConomical, easily obtainable, nor

art! they ! eadily replaceable,

Many ot'aer schemes have been considered and discarded because they

failed to mce-. all the raquire nents3 for emergency power. We are left, there-

fore, with a stored -nergy system such as batteriesc

Undoubtedly, suff ..ýent dry batteries could be stored in a shelter to

affjrJ 2 - ks' operation. Dry batteries pc.s;sess a finite shelf 'le unless

special precautions Fr ý affiorded them duving the storage period. NV o e it

Is possitle that. thcy rra be read~y replam cable in some areas (most drug

stores carry a good .selection of lbatt~ries in r-easonable quan~ties). '00.s

premise does not hoUl on a nationwidt scale.

One type of L~attterv tioes mt.,et the requiremnents %!h R degree of

reasonaWbeness. This i.; the 12 volt ýltorage batter%, vornnon!y ut lliz,cJ it)

automoufl I s.

Mon¶? transist.ors des~giid Phr highr frequency. hlgh p4)'er App! vtito,,Is

exhibit bt -4 efficlenec. at potenidals in the vicinity of 25 to 50 volts DC'.

Our ir~vtstigation hats ,;Iio~ n. uas v ib' he discusased in latcr sectijons. ,it

t'ffi-ien( teA niILIV be obtain-d whicf; A1l1 al!o% operation it 12 volts Aliliv-

k'#pltgwithin the' maximumi input power limnitations requirext for 2 Aeeks'
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operation. It is possible to purchase batteries with terminal voltages which

better satisfy the requirements of the solid state techniques presently em-

ployed. Battery manufacturers have assured us that a departure from the

common *Chevrolet type* battery will increase the initial cost by a factor

greater than two. Thus. the economy of the situation borders on the intoler-

able. We have, therefore, chosen the ordinary 12-volR au•omotive type

battery as the emergency power source for the equipment specified in this

contract.

Additional efforts were expended to determine the best possible type of

operation for the emergency power supply chosen. Tho basic courses were

open to pursuit. First, the batteriea could be placed on charge when in-

stalled. This would eliminate the requirement of the equipment for operation

from a 110 vclt AC line altogether, thus creating an economic advantage.

It appears that the savings in eliminating this feature, howeve,-, would be

more than offset by the cost of charging apparatus. The mos÷ serious

economic obstacle to this type of operation is maintencce.

It has been estimated that. with excellent mnint'nance procedures,

such as bi-monthly inspections and water replacement, periodic dumpirg

and -,echarging. the reliable life expe.tancy of a storage battery may be

extended to approximately 5 years. The cost of maintenance of this qutklity

for the batteries alone excludes this procedure from further consideration.

Dry charge batteries have features which satisfy all of the supply re-

quirements r~rovided simple protef,",,ve features are spe-Afled at . time

of purchase. The one factor which limits the !ife exiectancy of a dry charge

battery is contamination. Thus. if taie cells are sealed ag'Iinst moisture,

(lust. etc.. at the time of purchase. i life expt-Otanc; ot appro\nanitely 10

vt!as is assured. In additio.Woun fillingwit.athe activator fluhi (electrolt)
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these batteries will be capable of delivering approximately 75 per cent of

rated charge immediately. After a short waiting; period of perhaps an hour,

such accumulation of plate coating as may have occurred during storage

will have been dissolved and the battei4 will be capable of delivering nearly

100 per cent of rated capacxty even after 8 or 10 years' storage time.

Unfortunately, no exa(,t empiric-al data exist for storage times of the length

mentioned. These figures are based on actual tests of unsealed batteries

after a period of 7 years.

As will be seen in the spe•cifications, otul investigation of the state of

the art with respect to solid state techniques has convinced us that, with a

100 ampere-hour, 12-volt &t.,ra ge battery, the full requirements of transmit

and receive will be met for the entire 2-week period considered and for the

predicted duty cycle of transmit versus receive.

In the event that the duty cycle at a specific location exceeds the ex-

pected load and the battery deteriorates bflow an acceptable level, it is

likely that the radiation le',iel will have decayed to a point which will allow

short-term excursions frori the shelter without clanger of excessive radia-

tion doses to the personnel. It is almost certain that many abandorned vehicles

which contain replacement batteries will be In the immediate vicinity of the

shelter. Therefore, it seems reasonable to expect that replacement for the

emergency power sosrce, could be obtained within 10 minutes should the

need arise.
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CHAPTER IV

EQUIPMENT AND SEMICONDUCTOR DEVICE AVAILABILITY

4.1 INTRODUCTION

When the general equipment requirements for a fallout shelter com-

munications system were realized, discussions were held with leading

manufacturers of 2-way communications equipment and semiconductor

devices in order to make a determination of present equipment and device

availability awid probable future advances in the state of the art.

4.2 EQUIPMENT AVAILABILITY

At the present time. transistorized equipment is either in use or com-

mercially a- ,ilable in all of the frequency bands of interest in this study,

For the most part, however, this equipment is far more sophisticated than

is necessary for a fallout shelter communications system and, consequently.

unduly expensive for such an application.

At least two manufacturers offer a 1-watt transistorized transmitter-

receiver which operates in the 150 nc band. One of these companies has a

transistorize(i transmitter capable of 3 watts HF output in this freq,,ency

range. The recvkveis in 011 of these units have a sensitivity equal to or

greater than That required( for fallout shelter use. In addition to .- 150 mnc

unit, ot:tw ot thesi, orgatniz;itions also ottetrs for salt- a tra'nsistorized trims-

mlttt'r-revciver with an output of 250 milliwatts that operates in the 450 mnc

re¢g(;n of ,.ht s)ectrruni.

A solid state transnii't'.ýr wi.h a rated ou!put of 500 11l1i~ ~atts at 950

Inc h:lt i)f.it hitt, loptd { ,v ovc of flit, h mauulacturers in the 'omniunhc.dlions

industry, :" Is bIsicallv an cx,'-nsion of the 3-Aatt. 150 mc transmitter dis-

casst.d asivf, followed biY two added stag•, of varactor multiplication which
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enab'es a r ,duced output at the higher frequency. This equipment was de-

veloped under a contract for a special purpose which is not directly related

to 2-way voice communications and full information on its operation and

cost is not yet available. The concepts employed could, however, be adapted

for use in the shelter communications system.

All of this equipment makes use of the latest packaging techniques and

mirniature components are usei extensively in the construction. The 150 mc

and 450 mc units are of the han i-held portable type of equipment. Although

dense packaging is not a requi .ement in the shelter system, the circuitry

employed is applir-aie and thc, existence of these units points out that the

overall technical objectives of this study can be realized today.

4.3 AVAILABILITY OF SEMICONDUCTOR DEVICES

Semiconductor devices which are capable of providing the output powers

contemplated for the communications systems are now available, but most

of the RF power transistors on the market today have been designed for op-

timum performance at higher voltage leve)s than that to be spec ified in this

report. Many of these devices can, however, be employed at these lower

voltages with moderately reduced transfer efficiencies.

4.4 FUTURE bIEVICES -NM) CIRCUITRY

A critical factor in obtaining powers of 1 v att and more at frequencieb

over iSJ% nw through thc use (A solid state devices is the efficiency %-twt

which this has been done up to the present time. Since high frequency power

transistors have not been aivailable it) large quintitiens, most of the p0%er

has been genereted at lowr frequencies and a loss in po%er has been ab-

,iorb.d during the frequency converslon process usinK non-linvar t1clie

devihtA. lo- er transistors -!ttpabl,! of ,1 re('tly producing up to 4 watts :a

frequencies in the tieightxorhood of 450 mc arr tlnow' being made .,vailable.
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New transistor construction techniques, including changed geometrical ar-

rangements of the elemcats, are being developed at the present time in

efforts directed toward raising the power-versus-frequency barrier.

In addition to the different construction methods of the devices theni -

selves, new circuitry techniques are being investigated which will improve

frequency conversion efficiencies immensely. The application engineers

of one transistor manufacturer have breadboarded an amplifier circuit

uhich employs a power transistor as a power amplifier and variable re-

actance frequency multiplier simultaneously. This circuit has successfully

produced in output of 4 watts at 580 me.

Even though concentrated efforts are b~ing made at the oresent time

to produce high-frequency, high-power devices, the production of a transis-

tor capable of directly generating radio frequency powers of any signifi-

cance at 950 mc will not be achieved in the near future. The use of varactor

devices for this purpose will still be applicable for the next couple of years.

Nevertheless, the representatives of all of the device manufacturers

are unanimcas in the opinion that the objectives sought in this project ('an

be realized today and will be realized morc efficiently, from the stand-

points of power consurmption and costs, within the next 2 or 3 years. Be-

'ause of the recent history in technolog.'cal advancements, no one is otfer-

idýg a predicttion beyond. 3 years.
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CHAPTER V

COST ESTIMATES
FOR FALLOUT SHELTER COMMU. [ICATIONS

5.1 INTRODUCTION

During the meetings conducted with representatives of the manufac-

turers of communications equipment and solid state devices, discussions

were held concerning the probable costs of the equipment envisioned in this

project. In general, these people were, undei standably. reluctant to give

definite price breakdowns and pointed out the difficulty of assigning cost

figures for the production of special purpose equipment at this early plan-

ning stage. In an effort to clarify the requirements, tentative electrical

specifications were drafted and prices for units in lots of 10,000 were dis-

cussed. Based on the study area, for ,hich a plan exists contemplating

670 shelters and therefore more than '700 pieces of equipment, an order of

10,000 uniti appears to be practical.

5.2 COST INFORMATION OBTAINED FROM EQUIPMENT
MANUFACTURERS DATA

The initial information received from manufacturers of transnmitter-

receiver devices Indicates that the equipment, when ordered in lots of

I0,000, will cost between $300 and $700. with the higher figure being ap-

plicable for the 950 megacycle units, This anticipates a reduction over

convenional miniaturized equipment. The 1,west esttmat- obtained was

offered by a manufacturer who suggented a trade-off between HF Plwer

output and receiver sensitivity. Such a trade-off would make the equip-

ment speciflcations almost identical to the performanct v'haracteristics

cf some of that manufacturer's communications equipment which is. in-.

cidentally, bwing marketed today. For the most part, however, no advantAges
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in the overall system, i.e. performance versus cost, w )uld be realized

from this trade-off and a degradation would occur at the highcr frequencies.

E3timates based on this suggestion ranged from $300 to $450. Notwith-

standing this concept. it is felt that the equipment manufacturers have been

overly conservative (from their viewpoint) and may have overlooked some

cost s.ving techniques.

Some of the techniques have been mentioned earlier, for example.

using a ratlo detector in the receiver, the possible use of a combination

microphone-speaker, and the use of standard size, rather than miniature,

components. Another possible cost saving technique which srhould be con-

sidered by the manufacturers is the evwtution of a TNmily of equipment

which shares a common parent. For instance, a transmitter may be de-

signed for service at 150 mc which will deliver th:ý required power output

and deviation. The addition of multipliers will allow operation at increased

deviation at 450 mc and 950 mc at less power output. Efficiencies in mulii-

pliers are such today that the required power output at the higher fre-

quencies may be realized through this technique.

Similarly, a basic receivet for the 450 mc service may be designed

which meets all tVie specifications required. The addition of another front

end will convert the receiver for use at 950 mc and still maintain the re-

quired bandwidth and other operational parameters. Unfortunately. narrow-

band requirements in the frequency ranges and services- contemplated will

not allow the basic receiver at 150 mc to be utilized as the prime anteced-

ent unless crystal filters u e utilized to limit bandwidth. This approach to

bandwidth Is generally more costly, but a trade-off may be accomplished

which might mr; - it economically feasible to pur,%ue this possibility. If a

common parent at 150 mc can be devised and utilized at sufficiently low
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cost to allow the use of crystal filters, this certainly should be con~idced

by the manufacturer during the developmental stage.

Based on some of these techniques and the information obtained from

device manufacturers, it is felt that a reduction in the above price estimates

can be expected.

5.3 COST INFORMATION OBTAINED FROM
SEMICONDUCTOR MANUFACTURERS

The manufactuirers of solid state devices were i little more candid in

their price estimates and suggestions. One manufacturer pointed out the

possibility of realizing a savings if the additional cost of a larger power

supply were traded off against using a smaller number of transistors and

obtaining a higher conversion efficiency. However, a full exploration of this

idea demonstrated that no significant savings wouit, '^- realized and the

added power supply replacement difficulties would militate against its

adoption.

The suggestion of another manufacturer proved extremely helpful in

making a cost estimate. It wall pointed out that this equipment could be

manufactured using *kits" containing "fallout' devices at a greatly re-

duced cost to the equipment manufacturer. A *fallout* device is a product

which has failed to achieve all of the performance characteristics of a

particular type but is still pterfectly capable of being used in a circuit.

For example, a transltor which Is produced as part of a r,,, of a type

guaranteed for 10 db power gain that only provides 8.5 db power gain is a

"Ofallout' device. A "kit* is a number of transistors which have Leen pr-e-

tested and are guaranteed. if used together, tc achieve the performance

required. This manufacturer's estimate of the cost per kit of these devices

guaranteed to provide I watt at 950 mc. based on an crder of 10.000.

$25 to $30.
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The cost of a string of regulpr devices which are capable of this per-

formance is app,';ximately three times this figure. As the production num-

bers and demands for the devices increase, the price will decrease. For

example, a power transistor which sold for over $1,0 less than three

years ago now costs less than $40,

5.4 ESTIMATED COST OF THE SHELTER COMMUNICATIONS EQUIPMENT

On the basis of the information obtained from the equipment and de:-!e

manufacturers, it is estimated that the equipment to be used at 150 mc will

cost approximately $250 per transmitter-receiver. The 950 mc equipment

will cost approximately $300. These figures assume orders in lots of

10,000 and include what is felt to be an adequate amount over the cost of

materials and production to Insure a reasonable profit for the manufacturer.

This price is expectcd to decrease s]1ghtly, but not substantially, during

the next three years. The developmental and engineering costs for this

equipment cannot be estimated but it is felt that, for a program of this 4

scope, such costs will be insigisificant. No prognosis beyond three years

can be offered due to the rate of technological advancement in this field,

Sealed, "dry charges storage batteries, including the electrolyte, will

cost approximately $15 per transmitxer-receiver. The cost of each antenna

will depend upon the type contemplated and the frequency at which it will

be used but is expected to lie inthe range between $10 and $100 per shelter.

A price break due to ordering in large quantities is expected when pur-

chasing transmission line and. depenilng on the type and quality used, this

will cost between 10C, and 45C per foot.

The total cost of the hardware (transmitter. receiver, antenna. trans-

mission line) for i given shelter will vary between a minimum of $290 at

150 mc to a maximum of $420 at 950 me. The specific cost of each con-
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plete station will be dependent upon the frequency and path length involved

and the measures which must be taken durit•g the installation to provide

satisfactory communications over its particular path.
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CHAPTER VI

CONCLUSIONS

The concept of a radio back-up to a primary landline fallout shelter

communications system utilizing solid state techniques and having the

atflity to continue operation even though commercial power fails is tech-

nically feasible today.

The equipment operational requirements which have evolved from the

studies and calculations made during the course of this contract are con-

sidered conservative and are based on sound engineeringpractices and cur-

rent techniques. This moderate approach was adopted because of the

extremely broad scope of the project in terms of a nation-wide system

concept. Realistic propagation losses, transmission line losses, and an-

tenna gains have been used to determine the parameters of the system

based on minimum and maximum path lengths in the various frequency

bands.

In many cases, the performance characteristics will be less severe

than those indicated by the theoretical calculations. In some cases, the

requirements will be more severe. In almost every case, however, techni-

ques and equipments are available to overcome the equipment deficiencies

and to fit the units to the individual case.

A major item of basic hardware cost is reflected in transmission line

and antennas. As of today, the evolution of transmission lines and antennas

for service of the type required has reached a fairly high state. We have

concluded that a sufficient variety of antennas and feed lines exist which

are particularly suited to the requirements and environment expectel. As

indicated in the section dealing with cost analysis, a considerable range
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of prices exists for external hardware in each of the frequency bands. This

is the one area in which the cost of an artual installation could be reduced.

For instance, good eng!neering practice indicates the use of type "N" cotr-

nectors at the higher frequencies, 450 mc and 950 mc. This is based on

impedance mismatches which occur at the higher frequencies with the more

conventional t3pe cornectors. Field tests of prototype equipments may well

prove that less expensive connectors and line may be tolerated in a large

number of appliLations.

The study has shown that equipments can be designed and built speci-

fically for the purpose of fallout shelter communications systems at less

than half of the cost of existing equipments which may be utilized for this

purpose. For instance, solid state equipments at 150 me, currently mar-

keted, which could be used for the purpose are pricec' A more than twice

the projected costs fcr un!ts designed for fallout shelter communications.

In this context, an element of significant savings has been demonstrated.
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CHAPTER VII

SPECIFICATIONS

7.1 PURPOSE AND SCOPE

The purpose of these specifications is to set the minimum mechanical

standards and operating characteristics for frequency modulated transmitter

receivers for use in a national fallout shelter communications program.

Equipments for this service must be capable of type acceptance by the

Federal Communications Commission for operation in the Safety and Special

bands allocated frequencies. In general, three separate equipments are

represented in the specifications in that operation will be required in the

region of 150 mc, 450 mc, and 950 mc.

The specifications contained herein have been evolved from a compre-

hensiv.e study of the problem. Because of the nature and scope of the overall

objectives, presently availalle equipment capable of surpassing the per-

formance requested, while technically attractive, is not economically feasible

for this purpose. The magnitude of the concept of a nationwide fallout shelter

program is such, however, that developmental costs for equipment specif-

ically tailored to the project will be rather insignificant.

7.2 GENERAL ,'.CONSTRUCTION

.\. Materials anti components

The materials and components used in the construction of tht equip-

ments spec iftied shall h e of adequate quality to insure co itlii :tncit h

the specified operating characteristics under the conditions outlined 1.

To the greatest extent practic'able, ronflamrmalle materials will he

utilized th oughout, and aniterials, components, rad in:ulanion %%l1 be

utdiizcd which. Upxn failure or charring. %ill not generate fumnes which

,,:'' obnoxious or hl rinie.;it alto th. health of huma.ns in a -'onfinei, space.
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Components utilized in this equipment, with the exceptic,, of semi-

conductor devices, may be operated up to 100% of the continuous duty

rating for the Item. but in no case will a component, ,. reason of de-

sitmn or accident, be inserted In i circuit which will cause the maximum

cot .inuous duty rating to be exceeded.

Semiconductor devices used in the equipments must be rated such

that operation in accordance with the stated duty cycle will cause no

degradation of the performance of the equipment, andi the W1 'e expectancy

of the devices will not be jeopardized by such operation.

B. Compornent Size

No effort will be expended toward n Iniaturization of the equipments.

No special miniaturized components will be utilized where less costly

standard sized components will otherwise meet the requirements.

C. Equipment Layout

The mechanical and electrical design of the equipment will be such

as to facilitate maintenance of the equppments. Construction techniques

which require the removal of components in order to replace or test

other components will be unacceptable.

7.3 (;GNERAL REQUIREMENTS

A. Type acceptance

S'le equipments specified he'rein must tomply with nil tpplih.,ht,

rules and regnlat ions of 1n' -. lernl Comniiurcate ions (oz~ 1." '(

Iusotar as the% concern the acceltpnmce and lih't'nse 'apabltitie% for tht

service intenled.

II. Instruction Marulls

Inst t:'ition rn nuals are to be %ritten such tii,o the av'rtirgt fit,

t,,hni•ian can read and ;nti rpret tet:ectivcl)y the c'u""t tnts. k", 'r
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manuals will be comprehensive and will include the following minimum

sections:

1. Complete description of operation.

2. Complete schematic diagrams.

3. Interconne~tion diagrams.

4. Complete tunino and alignment procedures.

5. Installation instructions.

One instruction book will be packed in the carton with each unit of

equipmennt fornished.

C. Safety Requirements

The, equipments specified will be constructed mechanically and

electrically so as to meet the requirements of the National Board of

Fire Underwriters.

D. Use of Metals

Protective treatment shall be apih"ed to inner aurfaces and com-

ponent parts of the equipment subJject to corrosion detrimental to

mechanical and electrical performaice. Prior to painting, steel parts

must be properly tenderized. copper-plated. or treated with other

suitable rust-retarding process. Platang shall not be applied to parts

where an undesirable electrolytic reaction may liter the serviceable

efficiency of the resulting bimetallic contact.

All metallic pr.rts or items, other than corrosion-resisting steels,

Monel metal. aluminun and aluminum alloys. and the like. shall be

cadmium, copper, zinc. chromium. nickel. or silver plated by electr,-

plating, or shall be bonderized And piintel with suitable corrosion-

resistant paints, in ac,:ordance with good ongineering practices. Copper

alloys need not be sc coated where their function will not be Impaired
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by the omission of the coating. Welded or soldered items or parts

fabricated from sheet iron or steel, such as power transformer cases,

shall be so coated afte4 all welding or soldering operations. Tin plating

will be permitLed in lieu of other special platings, in such instances

where soldering forms a final assembly operaticn, as in the sealing of

a transformer ca~se or similar item. Items or parts which require

forming operations in fabrication shall be so coated after completion

of all such operations. All such coating shall be uniform in thickness,

have good adherence, and be cf the similar quality, Lbickness, and

adherence as is used in good commercial practice for equipment of

this type.

Nonferrous metals shall be employed in the construction whenever

practicable, particularly with respect to the radio frequency portions

of the equipment. This requirement also applies to metallic fasteners,

including bolts, screws, nuts, and washers. When ferrous materials are

used in terminals and fasteners carrying low frequency or direct cur-

rents, they shall be suitably plated to provideproper electrical contacts

and corrosion-resisting qualties.

Contact between dissimilar metals in the prodkiction of the equip.

ment shall be avoided. When it is impracticable to provide an alternate

for the use of dissimilar metals, the adjacent surfaces shall be sepa-

rated by electroplating commensurate with good engineering practice.

The use of corrosion-reisting steel or Monel metal in airect con-

tact with metals anw/or alloys othtr than aluminum is acceptable.

E. Performance .tandards

All communications equipment, associated accessories, and their

component parts b',ý! meet or exceeC the latest st~'adards specified
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b." the Electronic Industries Association (EIA), unless otherv ';e speci-

fied herein.

7.4 DETAILED REQUIREMENTS

A. Equipment Enclosure

The enclosure for all equipments detailed in this specificetion

shall be constructed so as to bi,. interchangeable between units

regardless of frequency band and shall contain the transmitter and

recilver. This enclosure shall be of the drawer type to allow the

front panel and chassis to be removed by sliding forward. The top

shall be removable and shall be held in place by suitable lips on the

front panel and rear panel of the enclosure. The entire assembly will

be capable of b ing closed and latched for transport. NO KEY LOCK

WILL BE UTILIZED FOR THIS PURPOSE.

Perforations or ventilation holes will not be permitted. Heat dia-

sipation must be accomplished by appropriate heat-sinking and the

equipment must be impervious to dust. Perforations will be allowed

in the front panel to accommodate the ioudspeaker and/or microphone.

The speaker and microphone must, however, be attached to tite frunt

panel in such a manner as to exclude dust from penetrating the interior

chassis compartments,

The housing shall be finished in accordance with existing Office of

Civil Defense (OCD) specifications as to color and insagina.

B. Identification lAbel

Each unit shall bear a suitable metal pl.tenr other px-rmgnenl iden-

tificatlon label which displaym the following information.

1. Model number.

2. F CC i vpe num Ir.



54

3. Serial number.

4. Frequency.

5. Power output.

C. Controls and Indicators

Each control available to the operator shLll have its functions suit-

ably designated by means of a metal plate. engraving in the panel, or

silx acreen marking on the panel. The following controls and indicators

shall be provided:

1. A push-to-talk or transmit/receive switch. This switch shall be

of the rotary type with wiping contacts. The activator arm shall

be a lever stmilar in shape and appearance to the type commonly

employed in office intercom units. This switch will perform the

function of transferring the supply voltage from the receiver to

the transmitter and vice versa.

2. A combination off-on switch and volume control will be available

on the front panel.

3. A squelch adjustment may be available at the front, but will not

be fitted with a knob or long shaft. This adjustment, if available

at the front, will be a screwdriver adjustment.

4. A neon bulb will serve as pilot lightwhen operating from 15-volt

AC sources. No pilot indicator wiW be available when operating

from the 12-volt [XC source.

a. A neon bulb, or other indicator, shall be provided which will tell

the operetor when th" •ranr;mitter is operating. ':he input power

to this de.ic" .hIl be .- t• -lled by the push-to-talk switch

mentioned above.
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D. Connectors

Only two connectors are required for the operation of this unit. The

antenna connector will be af'fxed to the front panel or front panel

lip and shall be a standard chassis-type female connector. At 150 mc

this connector may be a UHF type of the S0239 variety. Xt the higher

frequencies, the antenna connector must be type "N" or equivalent so

as to assure a good Impedance match to the transmission line.

A Jack to accept the plug on a low impedance earphone (single or

double) shall be mounted in the front panel. This Jack will contain a

pair of normally closed contacts for the purpose of disconnecting the

loudspeaker when the earpicce plug is inserted in the Jack.

E. Metering

All appropriate metering points in the transmitt,- and receiver %II

be terminat.d in a meliti-contact. keyed soc', bt on the front panel.

Metering will be accomplished using ar. external meter with switch

positions.

No panel-mounted meters -tre required.

F. Accessories

Th, a-ce'ssortes shall consist of a singlu czarpict, Ai. r., f' p!AUI

of the low impedtnt('e tpw. Tht- f_-1hone sha4l be affixed to In 10111-t-

able headband. Tinsel N ire tnr,• bhe uwed provided it is !sheathed With ;A

suitable woven cloth or [-1;;ti- fle,,dt' c-overing. and prnwiotI, are

madn to ni•.dtanlcallv Affix the cord to the earpee•- aind plug to -.void

breaking the %ires. The plug shall lk*, st-tndard sie.

(i. cro(phone-Speaker

The microphone .n !'or spt.4k-r shall te panrl aiounte- 1 . The

of the loudw l.aker shall 1w so -on-.trti•tAe or so tr&ated_! .3w ?i 1,4
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moisture resistant during storage period- and use in areas of high

humidity. There is no objection to utilizing the loudspeaker as a micro-

phone provided a transducer of suitable quality is chosen so as to meet

the transmission and receiving distortion specifications listed.

H. Adjustments

Wherever possible, the mechanical design shall allow all tuning

adjustments to be made from the top of the chassis. A suitable adjust-

ment will be incorporated for the purpose of adjusting the level of mod-

ulation in the transmitter. Warping capacitors shall be includea for the

purpose of fine frequency adjustments in the transmitter and receiver.

I. Relays

A relay for the purpose of switching the antenna from the receiver

to the tranaritter will be incorporated. This relay will be suitably

sealed from the effects of dirt and moisture so as to preclude corrosion

of the contacts during long storage periods in'infavorable environments.

No other relays are considered necessary to the operation of the

equipment.

J. Dvty Cycle

The tranimitting equipment specified herein shall be capable of the

following duty cycle without degradation in the power output:

I minute on, I minute off for 15 minutes; then 1 minute on, 4 min-

utet off for 8 hours.

The receivers in all units shall be capable of continuousi operation.

K. Power Source

The equipments described in this specification must be capable oi

operating from a 117-volt AC line or a 12-volt DC storage battery. The

transmitters must suffer no more than 3 db performance degradation
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while operating from the AC line with line voltages between 105 and

130 volts AC. The design center for storage battery operation shall be

12.8 volts. Not more than 3 db transmitter degradation will be allow-

able with plus or minus 10% DC voltage variation. The frequency

stability must be maintained as specified herein over a variation of plus

or minus 15%.

L. Cabling ,nd Wiring

The units described herein shall be fitted with an AC attachment cord

not less than 10 feet in length. Battery cables shall be not less than 6 feet

in length and shall be fitted with 50 ampere battery clamps or equivalent.

Battery clamps will be sheathed in suitable insulating sleeves and color

coded as to polarity. A suPiablk nethod of coiling, or otherwise storing.

the battery cables will be incorpo-ated on the rear of the equipment

housing.

Internal cabling or wiring will be neatly harnessed in accordance with

good engineering practice. Cabling between boards will utilize soldered

terminations.

M. Climate Conditions

The equipments specified herein shall be capable of operation in

areas where the temperatures may vary from minus 30CC to plus 50zC

and under conditions where the relative humidities range from 0 to 95%.

N. Moisture Absorption

The substrates of printed circuit boards for the equipment described

shall be of a type which exhibits high resistance to long-term moisture

absorption. The use of p tper coil forms is not acceptable. Coil forms

miutt exhibit the same high resistance to moisture absorption as indi-

cated above. Any components which utilize paper for covering or
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insulation must be treated so as to withstand the effects of moisture

under storage conditions, The finished boards will be treated with

moisture resistant lacquer or a suitable moisture resistant substance

to Inhibit corrosion of circuitry and soldered connections.

0. Circuit Bcards

Because of the possibility of long storage periods under conditions

which foster corrosion, etc., plated through holes will not be acceptable.

Eyelets will be utilized, and the construction techniques employed for

insertion of the eyelets will reflect the latest research in this area.

Fupnel-type eyelet insertion which allows the free flow of solder around

the eyelet is an example of newer techniques. All semiconducter devices

employed in these units will be permanently soldered. and the use of

sockets for this purpose will not be acceptable.

P. Measuring Tf. 2hniques

The measurements employed to determine the electrical operating

characteristics of the units speciflied will be those applicable measure-

ment techniques specified by the Electron!c Industries Association for

equipment of this type.

7.5 ELFCTRICAL OPERATINC CH:'ARACT2EISTIC3

It is the purpose of these specifications to set forth the minimum elec-

trical operatlg requirements for Frequency Modulated narrow-band radio

transmitteri and receivers capable oi providing two-way voice communica-

tions in a nut-Icna! fallout shelter communications program.

The equipment shall be capable of simplex operatior on one of the

frequencies specified in Subpart E of Part 89 of Subchapter D of the F ederal

Communications Commission's Rules and Regulations in either the 150 me.

450 mc, or 950 mc regions.
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A. Transmitter Requirements

153-159 mc 453-459 mc 952-960 mc

Minimum RF power output 3 watts 1 watt 1 watt

Output impedance 50 ohms 50 ohms 50 ohms

Maximum DC input power from
12-volt source (watts) 20 30 V5

Freauency stability of carrier
from -30"C to +50 0 C 0.0005% 0.0005% 0.0005%

Spurious and harmonic emission
attenuat.on 50 db 43 db 43 db

Maximum modulation deviation ±5 kc ±15 kc ±15 kc

Maximum bandwidth 20 kc 40 kc 40 kc

Audio frequency response. The audio frequency response shall not vary

more than +1 or -3 db from atrue 6 db per octave pre-emphasis char-

acteristic from 300 - 3000 cps as referred to the 1000 cps level.

Distortion. The audio frequency harmonic distortion shall not exceed

10% at 1000 cps for 2/3 of maximum deviation.

FM hum and noise level. The FM hum and noise level shall be 40 db

below a modulation of 1000 cps for 2/3 of maximum deviation.

Modulation. Each transmitter, having a final power amplifier supplied

with greater than 3 watts DC input power, shall be provided with a

device which will automatically prevent a modulation deviation greater

than that specified above. Each such transmitter shall also be provided

with a low-pass audio filter, installed between the modulation limiter

and the modulation stage, which meets the following specifications:

At audio frequencies between 3 kc and 15 kc, the attenuation shall

6_ greater" than the attenuation at 1 kc by at least 40 logl 0 (F/3) db.

where F is the audio frequency in kilocycles.
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B. Receiver Requirements

'A53-159 mc 453-459 mc 952-960 mc

Sensitivity for 20 db receiver
quieting 1 uv 2 uv 4 uv

Threshold sensitivity of squelch 0.35 uv 0.8 uv 1.5 uv

Frequency stability from -30cC
to --50 0C 0.0005% 0.0005% 0.0005%

Modulation acceptance bandwidth
at -6 db ±5 kc ±15 kc ±15 kc

Adjacent channel selectivity for

12 db SINAD 60 db 60 db 60 db

Spurious response attenuation 70 db 70 db 70 db

Intermodulation response
attenuatioxi 50 db 50 db 50 db

Input impedance 50 ohms 50 ohms 50 ohms

Hum and noise ratio 40 db 40 db 40 db

Audio power output. There shall be sufficient audio output power when

driving a 3.2 ohm loudspeaker to insure a sound level of 80 db above

0.0002 dynes per square centimeter at a distance of 1"' feet from the

loudspeaker when measured on a General Radio Type 1555-A Sound-

Survey meter, or its equivalent. The audio output power used to drive

a low impedance headphone shall be a minimum of 10 milliwatts.

Distortion. The maximum distortion of the receiver at 1000 cps modu-

lation shall be 15% when the loudspeaker is in use at rated output and

10% when the headphones are in use at full volume.

Audio frequency response. The audio response of the receivers shall

not vary more than -2 to -3 dbwhen the loudspeaker is us3ed, and should

not vary more than -1 to -3 db when the headphone is used, from a
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standard 6 db per octave de-emphasis curve over the frequency range

of 300 to 3000 cps, as referenced to 1000 cps.

Oscillator radiation. The receivers shall comply with Subpart C of

Part 15 of the Rules and Regulations of the Federal Communications

Commission.

DC input power. The maximum DI7 Input power for the receiver shall

not exceed ^00 milliwatts.
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CHAPTER VIII

RECOMMENDATIONS

The specifications ,or the equipm-:ts required under the contr act have

been evolved from a comprehensive study of the requirements, envirc nmental

conditions. operational problems, and co3t analysis standpoints. From the

engineering standpoint, we have attempted to be conservative wi ;hin the

framework of good engineering practices, but always looking tow ard the

acquisition of quality equipments designed for the particular job and the

minWrmum cost.

The cost figures contained in the report represent the best jt.dgment

based on device costs and manufacturer's practices. There is, how(ver, an

element of latitude left to the contractors to tcake advantage of cost iavings

techniques. Because of this latitude, actual costs figures may vary some-

what once a suittable prototrpe unit has Leen constructed.

Moreover, tests of prototype units may show areas of even greater cost

reduction. In addition, a true evaluation of the equipments is in order to in-

sure compliance with the specifications, and an analysis of the equipments

uner field condition: - will result in units best suited to the particular job.

it is recommended that a developmental contract be issued which re-

sults in the procurement ot 'our (4) complete units in each frequency band.

This number will be sufficient to conduct tests designed to prove theý

efficiency and suitability of the units and compliance with the specifications.

It is also recommended that a test program be established for the pur-.

of r, thorough evaluation of the equipments.
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and Development Agency and Technology
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Army Airborne & Electronics A\mv Test & Evaluation Command
Board

Fort Bragg, North Cari'na \Aberdeen Proving Ground, Maryland
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By the Contractor
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General Motors Corporation 930 Warner t3uilding
Flint, Michigan 13th & E Streets, N.W.
Attn: Mr. Ralph Anderson Washington, D.C.
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Chicago, Illinois
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General Electric Company Michigan State University
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Stanford Research Institute
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